Abstract
INTRODUCTION
Cardiovascular disease (CVD) is one of the major causes of mortality and morbidity globally, and it accounts for 20 % of all deaths. A report by World Health Organization (WHO) predicted that approximately 30 million people will die from CVD by the year 2030 [1, 2] . Similarly, in China, the rate of CVD-related death has significantly increased as a result of modified lifestyle (sedentary pattern and western foods) and rapid urbanization [3] . Studies have shown that myocardial infarction (MI) is one of the pivotal reasons for all cardiovascular disease-related deaths [4, 5] . Myocardial infarction results from prolonged blockage of blood supply via the coronary artery owing to ruptured atherosclerotic plaques and eventually results in oxidative stress and necrosis in myocytes [6, 7] . The pathophysiology of MI is still obscure. However, oxidative stress, inflammation, apoptosis, hypoxia and necrosis are crucial contributors to MI [8, 9] .
Isoproterenol (ISO) is a non-selective β-adrenergic agonist and synthetic catecholamine that imposes considerable oxidative stress on cardiomyocytes (after supramaximal dosage) due to auto-oxidation of catecholamine; it results in necrosis, edema and apoptosis, and ultimately in myocardial injury and myocardial infarction [10, 11] . Studies have shown that the pathophysiologies of MI and ISO-induced MI are similar: both trigger various pathological events such as oxidative stress, inflammatory response, necrosis, apoptosis and mitochondrial dysfunction [6, 8] . In the present study, an ISOinduced MI model was used to assess the cardio-protective potential of salvianolic acid B (SAB-B).
Salvianolic acid B (SAB-B) is a natural and abundant water-soluble phenolic acid found in the root/rhizome of Salvia militiorrhiza Bunge. Salvia militiorrhiza is a popular Chinese herb used in Traditional Chinese Medicine (TCM) for treating various ailments such as cerebrovascular and cardiovascular disease, and dysmenorrhea [12, 13] . Salvianolic acid (SAB-B) exhibits a broad range of biological activities including anti-inflammatory, anti-apoptotic, antioxidant, anti-cancer and anti-diabetic, cardioprotective, neuroprotective, gastro-protective and renoprotective properties in various experimental models [14] [15] [16] .
Previous studies showed that salvianolic acid-A, another phenolic acid from Salvia militiorrhiza exerted cardio-protective activity against isoproterenol-induced myocardial infarction in a rat model [17] . Furthermore, SAB-B exerts vascular protective action against experimentallyinduced acute myocardial infarction in a rat model [18, 19] . However, no studies have carried out to elucidate the cardio-protective effect of salvianolic acid B against isoproterenol-induced myocardial infarction. Therefore, the present animal study was conducted to investigate the cardioprotective role of SAB-B) against isoproterenol (ISO) induced cardiotoxicity in rat model.
EXPERIMENTAL Chemicals
Salvianolic acid B, isoproterenol hydrochloride, hematoxylin and eosin (H & E) stain, pentobarbital sodium, and formalin were purchased from Sigma-Aldrich (MO, USA). Other chemicals and reagents used in the current study were of analytical grade.
Experimental rats
Thirty-two male, white Sprague-Dawley rats (mean weight 250 ± 10 g) were used in this study. The rats were housed in well-ventilated stage cage with unrestricted access to food and water and maintained at 23 -24 ºC, and humidity of 55 -60 % in an environment with 12 h/12 h light/dark cycle. The experimental protocols and procedures used in this study were based on the guidelines reported by the National Institute of Health (NIH; MD, USA) [20] , and were approved by the Animal Ethical Committee Board of The First Hospital of Nantong, China (approval no. FHN-16/026/A003).
Preparation of MI model
Isoproterenol hydrochloride (ISO) was injected i.p. at a dose of 85 mg/kg (dissolved in 0.89 % saline solution) on the 29 th and 30 th day (24 h interval) to induce MI.
Experimental grouping
Thirty-two male, white Sprague-Dawley rats were divided into 4 groups (8 rats/group). Rats administered only saline served as the control group, whereas rats treated with ISO (85 mg/kg, i.p.) for 2 consecutive days (MI model) served as ISO group. Rats pre-treated with SAB-B (20 mg/kg, i.p.) for 28 days prior to treatment with ISO served as SAB-B+ISO group (treatment group), whereas rats administered only SAB-B (20 mg/kg; i.p.) for 28 days comprised the SAB-B group.
Sample collection
All the rats were fasted overnight, and on the 31 st day the rats were weighed and anesthetized with pentobarbital sodium (50 mg/kg, i.p.). Blood was collected from the aorta in non-anticoagulant tubes and the rats were sacrificed by cervical decapitation. The myocardium was excised immediately from each rat, rinsed in ice-cold saline, dried and weighed. A portion of the cardiac tissue was homogenized in phosphate buffered saline (PBS; 7.4 pH). The homogenate was centrifuged at 10000 × g for 10 min at 4 ºC, and the supernatant portion was used for biochemical analysis. The remaining portion of cardiac tissue was fixed in 10 % formalin for assessment of any morphological changes. The blood samples collected were allowed to clot, and the serum samples were obtained by centrifuging at 3500 × g for 15 min at 4 ºC. All the samples were stored at -80 ºC prior to use.
Biochemical analysis

Evaluation of hemodynamic parameters
Twenty-four hours after the last administration of ISO (31 st day before sacrifice), the blood pressure of the rats was measured using NIBP200A (BIOPAC Systems, INC., CA, USA), a tail-cuff, non-invasive blood pressure monitor.
Assay of cardiac antioxidants
The activities of cardiac antioxidant enzymes glutathione peroxidase (GPx), catalase (CAT), and superoxide dismutase (SOD) were assayed using a commercial kit from Sangon Biotechnology (Shanghai, China), based on manufacturer's procedure.
Determination of lipid peroxidation
The levels of cardiac lipid peroxidation (LPO) product (malondialdehyde, MDA) was determined using assay kits from Nanjing Jiancheng Bioengineering Institute (Nanjing, China) based on manufacturer's protocol.
Assessment of cardiac function
The activities of serum lactate dehydrogenase (LDH) and creatine kinase-MB (CK-MB) were measured with ELISA kit (Kangchen Biotechnology, Shanghai, China) in accordance with manufacturers' protocol. The levels of serum cardiac troponin T (cTn-T) were measured using Elecsys troponin-T Stat kit from Roche Diagnostics Ltd., (Risch-Rotkreuz, Switzerland) based on manufacturer's protocol.
Measurement of cardiac inflammatory markers
The concentration of cardiac inflammatory markers i.e., interleukins 1 (IL-1β), tumour necrosis factor (TNF-α), and interleukins 6 (IL-6) in cardiac tissue homogenate were measured using commercial ELISA kit from Neobioscience Technology, Co., Ltd (Beijing, China) based on supplier's instruction.
Quantification of inflammatory markers by Immunoblot
The supernatant from the cardiac tissue homogenate was used to extract the nuclear and cytosolic fractions using Nuclear and Cytoplasmic Extraction Kit (Guge Biotechnology; Wuhan, China). For the quantification of the protein expressions of TNF-α in cytosolic fraction and nuclear factor kappa B p65 subunit (NF-κB p65) in the nuclear fraction, RIPA buffer with 1 % protease inhibitor (Guge Biotechnology, Wuhan, China) was used for protein extraction, and protein was estimated using BCA protein kit (Bio-Rad Laboratories. Inc., CA, USA).
Thereafter, 40 µg of protein (cardiac tissuecytosolic/nuclear fraction) were separated in 10 % SDS-PAGE and transferred onto polyvinylidene difluoride (PVDF) membrane. The membrane was blocked using Tris-phosphate buffered saline (TPBS) containing 5 % skimmed milk and tween 20. This was followed by probing the membrane overnight at 4 ºC with primary antibodies i.e. rabbit monoclonal anti-NF-p65 (1:1500 dilution), anti-TNF-α (1:1200 dilution) and standard protein β-actin (1:1000 dilution) antibodies (Zhongshan Biotechnology, Beijing, China). Excess primary antibody was removed with TPBS, and finally the PVDF membrane was probed at 37 ºC for 1 h with secondary antimouse polyclonal horseradish peroxidase (HRP) antibody (1:10000 dilution) purchased from Cell Signaling Technology (Shanghai, China). The protein bands were visualized using enhanced chemiluminescent detection system (GE Healthcare Life Sciences; IL, USA) and quantified with Image J software (ver 2.6) from NIH (MD, USA).
Assessment of morphological changes
Cardiac tissue fixed in formalin (10 %) was dehydrated, fixed and embedded in liquid paraffin (wax) and made into a tissue block. The cardiac tissue block was cut into 3-5 μm diameter slices using microtome Cryo Leica EM (Leica Microsystem Inc., Buffalo, IL, USA), and bound to microscopic slides. Subsequently, the cardiac tissue slides were stained with H & E, and assessed for any morphological changes (edema, coagulated myonecrosis, and inflammatory cell infiltration) using a light microscope (Olympus Co., Tokyo, Japan) at 100× magnification.
Statistical analysis
Data are expressed as mean ± standard error of mean (SEM, n = 8). Differences between groups were analyzed with one way ANOVA, followed by Tukey's multi-comparison test. All statistical analyses were carried out using GraphPad Prism statistical package program software, version 6 (GraphPad Software, Inc., CA, USA). Values of p < 0.05 were considered statistically significant. Table 1 shows the effect of SAB-B on heart weight, body weight and heart-to-body weight ratio in control and ISO-induced rats. The average values of heart weight and heart-to-body weight ratio were significantly higher (p < 0.01) in ISO-treated rats (MI-model) than in the salinetreated control rats. However, the mean values of heart weight and heart-to-body weight ratio were significantly lower (p < 0.05) in the SAB-B group than in the ISO-exposed rats. Nevertheless, no appreciable changes were observed in body weights in any of the experimental rats.
RESULTS
The effect of SAB-B on hemodynamic parameters in control and ISO-induced rats are presented in Table 2 . The levels of various hemodynamic parameters including diastolic arterial pressure (DAP), systolic arterial pressure (SAP) and mean arterial pressure (MAP) were markedly decreased by ISO-treatment (p < 0.01). However, treatment with SAB-B for 28 days significantly improved the levels of various hemodynamic parameters (p < 0.01). Table 3 shows the effect of SAB-B on lipid peroxidation and cardiac antioxidants in control and ISO-treated rats. When compared with control rats, the ISO-treated rats had significant increase in MDA level (p < 0.01) and significant decreases in the activities of the endogenous antioxidants GPx, CAT, SOD (p < 0.01). However, pretreatment of the rats with SAB-B for 28 days led to significant reduction in levels of MDA (p < 0.05) and exponential increases in the activities of the various antioxidants, relative to the ISO-treated rats (p < 0.01). Table 4 represents the effect of SAB-B on serum cardiac markers in control and ISO-treated rats. Significant increases (p < 0.01) in the levels of different serum cardiac diagnostic markers (LDH, CK-MB and cTnT) were seen in ISO-treated rats, when compared with control rats. In rats treated with SAB-B, followed by 2 days of exposure to ISO, there were significant decreases (p < 0.01) in the serum levels of different cardiac diagnostic markers. Table 1 : Effect of SAB-B on heart weight, body weight and heart-to-body weight ratio in control and ISO-treated experimental rats Figure 1 shows the effect of SAB-B on inflammatory markers (cytokines) in control and ISO-induced rats. The concentrations of various inflammatory markers (IL-1β, TNF-α and IL-6) were significantly increased (p < 0.01) in ISOinjected rats. However, administration of SAB-B for 4 weeks significantly abolished the increases in the ISO-induced increases in inflammatory markers, when compared with ISO-treated rats. The effect of SAB-B on protein expressions of TNF-α (cytosolic fraction) and NF-κB p65 (nuclear fraction) in cardiac tissue homogenate of control and ISO-treated rats are presented in Figure 2 . The protein expressions of TNF-α and NF-κB p65 were significantly upregulated (p < 0.01) in cardiac tissue homogenate of ISOtreated rats, relative to the control rats. However, rats treated with SAB-B (cardiac tissue homogenate) had significantly down-regulated (p < 0.01) protein expressions of TNF-α and NF-κB p65, when compared to the ISO-treated rats. Figure 3 depicts the effect of SAB-B on the histomorphology of heart tissue of control and ISOtreated experimental rats. Sections of heart tissue from the normal control rats displayed intact myofibres ( Figure 3A) . Disrupted myofibrils were evident in the cardiac slide of ISO-teated rats ( Figure 3B) , with edematous intracellular spaces (arrowed), coagulated necrosis and marked neutrophil granulocytes infiltration (circled). However, rats pre-treated with SAB-B ( Figure 3C ) showed better cardiac architecture with fewer number of disrupted myofibrils/necrosis and smaller edematous intracellular spaces (arrow mark). In contrast, the SAB-B-treated rats ( Figure 3D) showed presence of normal cardiac architecture with prominent myofibril structure. 
DISCUSSION
Till date, no studies have been carried out to elucidate the cardioprotective potential of salvianolic acid B against isoproterenol-induced MI in a rat model. The ISO-induced MI model was used in this study because it is the most reliable and the most accepted non-invasive method for inducing MI. Furthermore, the pathophysiology of ISO-induced MI is almost similar to that of human MI [6] . The outcome of the present study showed that treatment with SAB-B significantly increased the activities of various antioxidants, improved hemodynamic parameters, and substantially decreased lipid peroxidation, inflammatory markers, heart weight, heart-to-body weight ratio, serum cardiac markers, and considerably reduced deleterious histopathological changes. Several studies have demonstrated that induction of ISO at supramaximal dose could trigger auto-oxidation of catecholamine, which leads to overproduction of free radicals (ROS) and lipid peroxidation in cardiomyocytes plasma membrane and ultimately necrosis and myocardial injury [21, 22] .
Figure 3:
Effect of SAB-B on the morphology of heart tissue in control and ISO-treated rats. Sections of heart tissue from normal control rats (A) displayed intact myofibres, while heart tissue section from the ISO-treated rats (B) portrayed high number of disrupted myofibrils, with edematous intracellular space (arrowed), coagulated necrosis and marked neutrophil granulocyte infiltration (circled). However, rats pre-treated with SAB-B (C) showed better cardiac architecture with fewer disrupted myofibrils/necrosis and smaller edematous intracellular spaces (arrowed). In contrast, rats treated with SAB-B alone had normal cardiac architecture (similar to control) with prominent myofibril structure (D) The mean value of heart weight and heart-tobody weight ratio were significantly increased after ISO treatment due to oxidative stressinduced cardiac hypertrophy. This led to increased movement of water into cardiomyocytes and increased heart weight and heart-to-body weight ratio. On treatment with SAB-B, the oxidative stress due to ISO was markedly abolished, thereby abolishing the edematous condition or necrosis. Thus, the levels of heart weight and heart-to-body weight ratio were considerably reduced. Previous studies also indicated that treatment with salvianolic acid B and tanshinone IIA for 28 days significantly attenuated cardiac infarction hypertrophy (edema), thereby decreasing heart weight and heart-to-body weight ratio [23] .
It has been well documented that isoproterenolinduced myocardial injury (due to oxidative stress) is contributed mostly by contractile dysfunction of the left ventricle (cardiac remodeling) which eventually leads to altered hemodynamic parameters especially blood pressure [24, 25] . Thus, the levels of various hemodynamic parameters such as DAP, SAP, and MAP were markedly decreased in ISOtreated rats due to dysfunction in left ventricular contraction. It has been demonstrated that injection of ISO to rats considerably decreased arterial blood pressure (DAP, SAP, and MAP) [5] . Rats pre-treated with SAB-B showed significant enhancement in the levels of various hemodynamic parameters, relative to ISOtreated rats. It has been reported that salvianolic acid B greatly improves cardiac output in rats induced with acute myocardial infraction (AMI). These results clearly suggest that SAB-B offers myocardial protection by abolishing ventricular dysfunction, thus preserving cardiac reflexes and cardiac output (blood pressure) due to its antioxidant and anti-inflammatory properties.
Oxidative stress (imbalance between oxidants and antioxidants) is the major contributor to MI. Hence, the level of lipid peroxidation product (MDA) was considerably increased in the ISOtreated rats. Increased levels of lipid peroxidation result in decreased levels of antioxidants like GPx, CAT, SOD. Administration of SAB-B for 28 days significantly reduced the levels of MDA owing to free radical scavenging activity/ antilipid peroxidation activity, restoring the antioxidants activity. Some previous studies have reported that the presence of two free hydroxyl groups in salvianolic acid B is responsible for its free radical-quenching ability and its capacity for lowering lipid peroxidation and oxidative stress in the various models [19, 27, 28] .
The myocardium contains many cardiac marker enzymes and proteins such as creatine kinase (isoforms), lactate dehydrogenase and troponins which move out of the cardiomyocytes owing to increased lipid peroxidation. Thus, these enzymes/proteins are used for diagnosis of cardiac injury or damage [29] . The levels of serum CK-MB, LDH, and cTnT were markedly increased as a result of ISO exposure. As mentioned previously, ISO can elevate lipid peroxidation (oxidative stress) which results in rupture of cardiomyocytes and release of these cardiac markers from cardiomyocytes into the serum. Pre-treatment with SAB-B significantly decreased the levels of the serum cardiac markers owing to its free radical quenching ability. These results are consistent with the results of Lin and his colleagues [18] , who reported that salvianolic acid B decreases the serum levels of the cardiac markers LDH, CPK. These findings clearly indicate that SAB-B maintains membrane stability and thus inhibits the release or leakage of these cardiac markers into the blood.
Inflammatory response is one of the pivotal pathological factors that contribute to various cardiovascular diseases (CVDs) especially myocardial infarction. Studies have demonstrated that the expression of various proinflammatory markers (TNF-α, IL-1β and IL-6) are directly associated with the activation of NF-κB [30, 31] . During various inflammatory stimuli, inactive NF-κB is converted to active form which translocates to the nucleus and binds to promotor sequence, thus regulating the transcription of various pro-inflammatory cytokines i.e. TNF-α, IL-1β, IL-6 [32,33]. Therefore, different inflammatory markers (cytokines) are assayed by ELISA method, but the expressions of the active form of NF-κB p65 and TNF-α protein are quantified by western blot analysis.
The concentrations of various inflammatory markers such as IL-1β, TNF-α, IL-6 were substantially increased in ISO-administered rats. Moreover, the protein expressions of NF-κB p65 and TNF-α (inflammatory markers) were markedly upregulated in ISO-administered rats, whereas rats treated with SAB-B for 28 days had significantly lowered the concentration of various inflammatory factors. These results are in agreement with the results of Wang and coworkers [34] , who reported that salvianolic acid B can significantly abolish increases in the inflammatory markers TNF-α, IL-1β, IL-6 by downregulating the NF-κB signaling pathway. Likewise, Yang and his colleagues [35] reported that salvianolic acid B inhibited the nuclear translocation of activated NF-κB p65 and thus downregulated the expression of various inflammatory cytokines (TNF-α) in rabbit cardiac tissue.
Morphological analysis is conducted to assess if pathophysiological changes in experimental animals corroborate observed biochemical changes. Photomicrographs of heart tissue from the normal control rats showed intact myofibres, while those from ISO-tretaed rats showed disrupted myofibrils, with edematous intracellular space, coagulated necrosis and marked neutrophil granulocytes infiltration. However, rats pre-treated with SAB-B showed better cardiac architecture with fewer number of disrupted myofibrils/necrosis and small edematous intracellular space. This is agreement with the finding of Xu et al [26] who found that salvianolic acid B intervention attenuated myocardial injury in AMI rat model.
Study limitations
The present study has some limitations such as non-investigation of myocardial infarct size, lipid profile and mitochondrial dysfunction. 
CONCLUSION
